N
anophotonics and nanoplasmonics devices have the unique ability to confine light in extremely subwavelength volumes and massively enhance electromagnetic fields.
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Based on this principle, exciting applications have emerged such as plasmonic nanoantennas, 2 colorimetric sensing, 3−5 singlemolecule surface-enhanced Raman scattering, 6 and plasmonic nanocavity lasers. 7 Fundamentally, the high-field enhancement can alter the local density of states to an unprecedented degree and control the energy exchange of quantum emitters (QEs) with light. 2, 8, 9 For high enough field enhancement, one enters the strong coupling regime, where the energy exchange between QEs and plasmons is faster than the decoherence processes of the system. As a result, the excitonic state of QEs blends with the photonic mode, forming hybrid excitonic−photonic states. These hybrid states are part light, part matter and allow for the characteristic Rabi oscillations of the atomic excitations to be observed. Due to the small value of a molecule's dipole moment, strong coupling was initially realized in optical high-finesse cavities, first with many atoms 10−12 and shortly afterward for a single atom. 13 Strong coupling, where Rabi splitting is observable, generally requires atoms to be in vacuum and/or at cryogenic temperatures, where decoherence processes are suppressed. 14−17 However, plasmonic nanostructures have the ability to confine and enhance light even further (i.e., at the nanoscale) 18−21 and therefore provide an alternative route to strong coupling at room temperature. This was first demonstrated for plasmonic lattices 22−24 and J-aggregates strongly coupled to the plasmons of a single nanoparticle at ambient conditions 25, 26 and recently for a single molecule strongly coupled to the plasmons in a nanocavity at room temperature. 27, 28 The latter was possible only due to recent advances in self-assembled nanofabrication techniques that allow for plasmonic nanocavities with robust gaps as small as 0.34−2 nm to be fabricated. 27,29−31 By harnessing the extreme field enhancement and confinement characteristic of such plasmonic nanocavities, we can control matter at the molecular level and therefore obtain the elementary building blocks for quantum information systems, 32 controlled photochemistry at the atomic level, and manipulating chemical bonds. 33 In this article, we demonstrate that a homogeneous layer of QEs placed in such extreme plasmonic nanocavities is strongly coupled simultaneously to multiple types of modes, resulting in complex Rabi dynamics of the hybrid system. Plasmonic nanocavities support multiple modes that depend on the parity symmetry of the nanostructure and can be spectrally degenerate, bright, or dark. Although external radiation couples dominantly to bright modes, 34 using a transformation optics analytical model and numerical calculations we show that in extreme plasmonic nanocavities with gaps of just a few nanometers, dark modes, which are commonly neglected 2,34 are also excited and actually contribute significantly to the field enhancement. Therefore, QEs placed in plasmonic nanocavities simultaneously exchange energy with both bright and dark plasmons, and we show that they exhibit distinctively different spatiotemporal and coupling dynamics. Here, we consider a homogeneous layer of QEs placed in a plasmonic nanocavity, and using two semiclassical descriptions (analytical and numerical), we calculate the spatiotemporal dynamics of the QE layer strongly coupled with multiple plasmon modes and demonstrate that they have identical coupling strengths, regardless of their intrinsic field enhancement, bright/dark nature, or the induced spatiotemporal asymmetries on the Rabi oscillations. The article is structured as follows: we first characterize the excited plasmons and their corresponding spatiotemporal behavior, using a transformation optics analytical model and numerical calculations, respectively. We then demonstrate that selective excitation of these modes can be achieved using double-sided illumination, and using semiclassical calculations we show both the Rabi oscillations and effective coupling strength of each mode with the QE layer. Finally, we discuss our findings for nanocavities with other parity symmetries, which exhibit different bright and dark modes.
■ RESULTS
By placing two metal nanowires close to each other, a plasmonic nanocavity is formed that provides high enough field enhancement to reach the strong coupling regime. In this article, we consider gold nanowires of diameter 60 nm forming a gap of 1 nm in an aqueous environment (n = 1.33), Figure 1a . A plane wave excitation propagating toward the −x-axis and with E y polarization induces collective charge oscillations (plasmons) in both nanoparticles, resulting in large field enhancements and light confinement within the small gap. When no QEs are present (passive system), the absorption cross-section (Figure 1b , red full line) shows two resonances, the dipole (n = 1) mode at 620 nm and the quadrupole (n = 2) mode at 520 nm, with their respective field profiles shown in Figure 1c . Note that the quadrupole mode is at the gold interband transition frequency, which is already reflected in the permittivity of gold and actually dampens the quadrupole mode. Both the dipole and quadrupole modes have bright characteristics, and external radiation efficiently couples to both. While the quadrupole mode of an isolated nanowire is dark, for two tightly coupled nanowires the intrinsic nanoparticle modes hybridize, changing the radiative nature of the quadrupole and higher-order modes. 35−37 Using finite-difference time-domain (FDTD) methods, we excite the passive plasmonic system with a broadband pulse of 14 fs and record the spatiotemporal evolution of the E y -field through the center of the nanocavity (Figure 1e ). The broadband pulse simultaneously excites both the dipole and quadrupole modes, indicated in Figure 1e with a white and two black arrows, respectively. The central lobe of the quadrupole mode has opposite phase to the dipole mode, but is smaller in intensity. Hence, only the peripheral (side) antinodes of the quadrupole mode are visible on the spatiotemporal map, which oscillate with a higher frequency, leading 
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Article to a progressively larger phase difference between the central and peripheral antinodes. Due to the weaker excitation of the quadrupole mode, its peripheral lobes dissipate before the dipole mode.
At ∼27 fs the dipole mode has decayed significantly and mode beating characteristics appear, with a mode that has a node at x ≈ 0. Once the dipole mode has completely decayed, the node settles at x = 0 and the field has opposite phase at each side of the x-axis. These field characteristics are distinctively different from the dipole mode and are in fact due to the odd-bonding mode of the plasmonic dimer structure, which exhibits orthonormal features to the even-bonding mode and decays slower. 34 In Figure 2 , we show the supported first-order (n = 1) bonding eigenstates of the dimer structure over the y-axis mirror symmetry (i.e., determined by the E y -polarization excitation) of the dimer structure 2,34 (see Figure S2 for all bonding and antibonding modes supported by the dimer structure). External radiation (from the even continuum) primarily couples to the even-bonding eigenstates that by definition are bright, and the first (n = 1 and secondorder (n = 2) even eigenstates correspond to the dipole and quadrupole modes shown in Figure 1c . However, the oddbonding modes are also excited (although less efficiently) and appear on the spatiotemporal map once the even modes have radiated away most of their energy. The first order odd-bonding mode is excited with external illumination due to the extremely small gap and leads to the mode beating features seen in Figure 1e with the even and eigenstate. Due to reciprocity, the odd-bonding state radiates inefficiently to the even continuum and is therefore a dark mode with a slower decay rate than the even mode.
Using a transformation optics analytical description (Supporting Information, Section 1), we obtain the complex resonant frequencies for the nanowire dimer structure: 
where n denotes the nth-order mode, R 1 , R 2 , and R 0 are geometrical constants in the transformed space, and γ m and ω p are the damping and plasma frequency of a Drude metal. The real part of the two eigenstates reveals that both even and odd eigenstates for the nanowire dimer are always resonant at the same frequency, but have different imaginary parts. The γ m /2 term describes the ohmic dissipation of each mode, and the additional imaginary term of ω n even describes its radiative decay to the far field. Hence, the even eigenstates are bright (radiate to the continuum) and odd eigenstates are dark, and the transformation optics analytical description predicts their field profiles shown in Figure 2b . The different decay rates of the dipole (n = 1) even-and odd-bonding eigenstates are shown in Figure 2b , where we plot the normalized E y field of the even and odd eigenstates, together with the predicted mode decay described by eq 1. One can see that the even eigenstate decays more rapidly than the odd mode, since it radiates efficiently to the far field, and this behavior is predicted very well by eq 1. The analytical description also describes well the decay rate of higher-order modes (see Supporting Information, Section 2, Figure S3 ).
The odd eigenstates are commonly neglected when considering plasmonic gaps. 34 It is usually assumed that due to their dark nature, external illumination does not couple to them efficiently. While this assumption is valid for larger gaps (i.e., > 5 nm) where the intrinsic odd mode of each nanoparticle is strongly confined on each nanoparticle, for extremely small gaps of just 1−2 nm they hybridize with each other and manage to confine their field enhancement in the gap. Hence, for plasmonic nanocavities with extreme gaps, there is an additional contribution to the field enhancement, due to the excitation of the odd-bonding modes, leading to spatial asymmetries in the spatiotemporal map of Figure 1e .
To study the strong-coupling spatiotemporal dynamics in this system, we surround the two nanowires with a homogeneous layer of QEs, which we model with the semiclassical Maxwell−Bloch description for a two-level system shown in Figure 1d (see Methods for derivation), with characteristics ω 12 = 3.033 × 10 15 (rad/s) ≈ 2 eV ⇒ λ 12 ≈ 621 nm, the excited state lifetime τ 12 = 10 −9 s, dephasing γ p = 6.457 × 10 13 Hz, and dipole moment μ = (4.11 × 10 −11 e) m (e = elementary electronic charge). Figure 1b shows the absorption crosssection for both the passive and strongly coupled system, where the characteristic Rabi splitting is seen for the dipole (even-bonding) mode. Figure 1g and h show the spatiotemporal 
Article map of the strongly coupled system. Initially, the incident broad-band pulse excites directly both the dipole and quadrupole modes, showing similar features to those for the passive system. But when the QE layer is present, at ∼18 fs, energy is absorbed from the plasmonic modes and re-emission emerges after ∼20 fs. This is the first energy exchange cycle and therefore the first lobe of the Rabi oscillations and is spatially asymmetric. At longer times (∼55 fs), mode beating features emerge within the Rabi oscillations, indicating that both the even-and odd-bonding eigenstates are simultaneously strongly coupled to the QE layer. In fact the odd eigenstate continues to exchange energy with the QEs for much longer than the even eigenstate. Hence, the strong coupling spatiotemporal dynamics are governed by a multiple set of modes all exchanging energy with QEs, but with different time dynamics.
Preserving Parity Symmetry. Due to the single-sided excitation of the above system, the y-axis symmetry of the dimer structure breaks, since the excited fields at x > 0 do not match the excited fields at x < 0. To obtain a better understanding on the individual coupling and energy exchange dynamics of the QEs with the even and odd modes alone, we tailor the external illumination to preserve the parity symmetry of the system (i.e., E(y) = E(−y)). To achieve this, we illuminate the structure with two identical sources, one propagating toward the −x-axis and the other toward the +x-axis (double-sided excitation, Figure 3a) . By modulating the phase difference (Δϕ) of the two sources, one can excite the pure parity states of the system. For symmetric (Δϕ = 0°) illumination, only the even eigenstates are excited, and for antisymmetric (Δϕ = 180°) illumination only the odd eigenstates are excited, with the absorption cross-sections and mode profiles shown in Figure 3b and c, respectively. As eq 1 predicts, the symmetric and antisymmetric absorption spectra are resonant at similar wavelengths. Also the mode profiles of the even and odd eigenstates are in agreement with the even and odd eigensolutions of the transformation optics analytical model shown in Figure 2b . The antisymmetric (Δϕ = 180°) absorption cross-section is 1 order of magnitude smaller than the symmetric (Δϕ = 06°) one, since odd eigenstates are darker states. However, it is significant to note that the odd mode field enhancement is of the same order of magnitude as the even mode (Figure 3b ), since the extremely small gap also confines the odd modes in the cavity, and therefore both eigenstates comparably contribute to the QE excitation.
The even and odd spatiotemporal maps for the passive dimer structure are shown in Figure 3d and e, respectively, and are distinctively different from each other. For the symmetric illumination (Δϕ = 0°), n = 1 and n = 2 even-bonding modes are excited, with the initial dynamics being almost identical to the single-sided excitation. However, different from Figure 1g , no spatial asymmetries or mode beating is present as the fields decay (t > 30 fs). The antisymmetric (Δϕ = 180°) spatiotemporal map in Figure 3e has a node at x = 0 nm, and the E y -field has opposite phase at each side of the center, as predicted by the transformation optics analytical model. Also, the decay rate of the odd eigenstates is significantly slower than 
Article that of the even one and also in very good agreement with the transformation optics analytical description of eq 1. It should be noted that the single-sided spatiotemporal map of Figure 1e is the exact superposition of the symmetric and antisymmetric maps of Figure 3d and e.
We now place a homogeneous layer of QEs around the nanowire dimer structure, represented by a two-level semiclassical Maxwell−-Bloch description (Methods). The absorption cross-sections for the symmetric (Δϕ = 0°) and antisymmetric (Δϕ = 180°) double-sided excitations are shown in Figure 3b , and both show the characteristic Rabi splitting for the absorption spectra and therefore are both strongly coupled to the QE layer. The two spatiotemporal maps of the two strongly coupled systems are shown in Figure 3d and e (bottom figures). They reveal the Rabi oscillations induced due to the QE coupling with each of the eigenstates separately. To directly observe the energy induced in the plasmonic nanocavity directly from the QEs and therefore the Rabi dynamics, we plot in Figure 4a the macroscopic polarization P 12 induced from the two-level system (see eq 6) for the single-and the two doublesided illuminations. The envelope of P 12 corresponds to the Rabi oscillations and directly leads to the induced E-field re-emission seen in Figure 3d and e (see Supporting Information Section 4 for more discussion). In Figure 4b , we plot P 12 for all three illumination types for comparison. Note that P 12 for single excitation is irregularly shaped due to the spatial asymmetry of the energy exchange with QEs. The amplitude and time dynamics of the single-sided Rabi oscillations are again a superposition of each eigenstate's constituent strongly coupled dynamics (noting that P 12
Δϕ=180 has opposite phase than P 12
Δϕ=0
). Since we excite the system with a broadband pulse of duration ∼14 fs, by the time the first Rabi oscillation appears at ∼30 fs the direct plasmon excitation has decayed. Therefore, the Rabi oscillations shown in Figure 4b are the evolution of the energy exchange dynamics between the emitter and the plasmons without any external excitation. This is in contrast to steady-state calculations, where the steady-state plasmon oscillation continuously excites the QEs. The rapid decay of the Rabi oscillations is due to the very dissipative nature of plasmons. Each Rabi cycle couples less energy back to the QEs, since the plasmons dissipate the energy in ohmic losses. We demonstrate in the following section that despite the "bad" cavity and the different dissipation rates of the two eigenstate Rabi oscillations, the system is in the strong coupling regime with a coupling strength of g ≈ 75.6 meV for both eigenstates.
■ DISCUSSION
A homogeneous layer of QEs placed in plasmonic nanocavities is strongly coupled to two sets of eigenstates (even and odd), which for the plasmonic nanowire dimer are spectrally degenerate. To obtain the coupling interaction of such a system, we derive a semiclassical analytical model describing the QE layer as a homogeneous two-level system coupled simultaneously to two photonic modes (see Methods). The hybrid states are obtained from the solution of the eigenvalue problem: 
where Ω QE = ω 12 − iγ 12 is the complex frequency of the two-level electronic transition with ω 12 being the transition resonance frequency and γ 12 = γ p the dephasing term; Ω n = ω n − iγ n is the complex frequency of a cavity mode with ω n and γ n being the frequency and line-width of the n eigenstate,
, N 1 and N 2 are the occupation densities of the ground and excited states, respectively, N d is the total carrier density, μ is the dipole moment of the electronic transition, ε d is the permittivity of the background material, and A nn , A nk are coupling coefficients (where n, k refer to the plasmonic eigenstates). A nn denotes the coupling of mode n with the QE layer alone, and A nk the coupling of mode k with mode n via the QEs. Equation 2 shows that each cavity mode independently couples to QEs (A nn ), but mode n can also couple to mode k via the QEs (A nk ) described by the last term of eq 2.
To initially obtain the direct coupling (A nn ) of the two eigenstates, we detune the resonance frequency (ω QE ) of the QE layer and calculate the absorption spectrum for the symmetric and antisymmetric double-sided excitations using FDTD. Although it is not feasible to "tune" ω QE experimentally, it is appropriate for the theoretical study presented here in order to leave the two plasmon modes Ω 1,2 of eq 2 undisturbed. To obtain the detuning maps experimentally, one would need to vary the plasmon frequencies Ω 1,2 by changing either the radius of the nanowires or the gap between them. However, this would change both the frequency and line-width of the two plasmon modes, as well as the field enhancement in the gap from each mode, and therefore add further complexity to the detuning maps. The detuning maps are plotted in Figure 5a and b for the even and odd eigenstates, respectively, and reveal the characteristic anticrossing of the hybrid states, with the size of the white dots representing the value of the absorption crosssection peak calculated numerically. Since for double-sided illumination only one eigenstate is excited, and the superposition of the symmetric and antisymmetric spatiotemporal maps leads to the spatiotemporal map of the single excitation, we can 
where ω ± even and ω ± odd are the hybrid states of the even and odd plasmonic eigenstates and the effective coupling strength is given by = g KA ee oo ee oo , , . We plot eq 3 with lines in Figure 5a and b, using the complex frequencies of the two eigenstates and QEs, and fit it to the numerical data to obtain the coupling strengths of the two modes:
. With the complex frequencies of the two eigenstates determined from the numerical simulations (ω e = ω 0 = 2πc 0 /621 nm ≈ 2 eV and Q e = 7.16 and Q o ≈ 19.5, giving Ω e,o = ω e,o − iω e,o /2Q e,o ), the only fit parameters that enter eq 3 are the overlap factors U nk = ⟨u n ,u k ⟩ g (see Methods, eq 7), which in turn enter A nk and consequently determine the values of g ee and g oo . For these calculations, we assumed that U nn = U kk = 0.5 (i.e., half the field energy is in the QE layer) and neglect cross-coupling between the even and odd eigenstates, U nk = U kn = 0.
Despite the different nature of the even and odd eigenstates, their different field enhancement (odd field enhancement is half of the even mode), mode profile, and Q-factors, they surprisingly have identical effective coupling strengths. To get better insight for this surprising result, we note that
where n is the number of emitters coupled to each mode and V is the mode volume, which is a measure of the each mode's spatial confinement and for our 2D nanowire structure reduces to "mode area". For the nanowire plasmonic structure discussed in this paper, the "mode area" of the even eigenstate is ∼4 nm 2 and the odd eigenstate ∼5.6 nm 2 . This means that the odd 
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Article mode energy is less confined in the gap than for the even mode and therefore is strongly coupled to more emitters (i.e., n is also larger), which makes the two coupling strengths equal.
Additionally, the Purcell factor is ∝ ( )
and takes values F P e ≈ 1.8 and F P o ≈ 3.5 for the even and odd modes. This is due to the nonradiative nature of the odd eigenstate, which compensates for its smaller field enhancement since more Rabi cycles can be facilitated.
Using the effective coupling strength value of the two modes (g ee = g oo = 75.6 meV) and eq 3, we find the complex Rabi frequency for the even, Ω R e = (9.14 − i5.25) × 10 13 (rad/s) ⇒ ω R e ≈ 60 meV, and the odd mode, Ω R o = (17.34 − i0.137) × 10 13 (rad/s) ⇒ ω R o ≈ 114 meV. Taking into account only the real part of these values, we find the two Rabi time periods τ R e = 68.77 fs and τ R o = 36.24 fs for the even and odd modes, respectively. This is in good agreement with our numerical results shown in Figure 4b , where τ R e = 60 fs and τ R o = 27 fs. In Figure 5c and d, we show the detuning map for a singlesided excitation obtained numerically and analytically using the semiclassical model. Since ω even = ω odd and g ee = g oo , the two sets of hybrid states overlap in frequency (Figure 5d ). Then we can safely conclude that for single-sided excitation where two plasmonic modes are excited, QEs simultaneously, but independently, exchange energy with both the even and odd eigenstates.
Rotationally Symmetric Structures. So far, we have been discussing the cavity modes of a nanowire dimer (2D structure), which is mirror symmetric over the y-axis. To extend the above concepts to 3D symmetries, we consider two spherical nanoparticles forming a dimer (see Figure 6a) , which is rotationally symmetric with respect to the y-axis. Now, the spherical harmonics of the electrostatic potential do not collapse to e imϕ , as for the 2D dimer, and the even and odd eigenstates are therefore spectrally separated. The absorption cross-sections for the symmetric and antisymmetric doublesided excitations of the 3D dimer are shown in Figure 6b together with the single illumination spectra, which show the even and odd modes being spectrally separated as expected. One can see that the o 1 mode is resonant at higher frequencies than e 1 and in fact spectrally closer to e 2 . The field profiles of the first-and second-order even (e 1 , e 2 ) and odd (o 1 , o 2 ) bonding modes are also shown in Figure 6c . In general, the odd eigenstates are less radiative for rotational than for mirror symmetric structures.
The detuning maps (detuning of ω 12 of QEs) for the 3D dimer structure (Figure 6d) show a clear anticrossing for the e 1 mode and the e 2 mode. o 1 and o 2 modes show anticrossings for the antisymmetric detuning map, but do not significantly contribute to the single-sided detuning map (Figure 6e ) because the odd eigenstates radiate too inefficiently to be recorded in the far field. The spatiotemporal map of the 3D dimer (see Supporting Information, Figure S3) shows that e 1 is dominantly excited with the single-sided excitation pulse, with no mode beatings observed. Although the odd eigenstates are still excited and are coupled to the QEs, the Rabi oscillations of the e 1 eigenstate are dominant.
Other structures with mirror and rotational symmetry are the nanowire and nanoparticle on mirror (NWoM and NPoM) configurations. Their even and odd eigenstates and their strong coupling spatiotemporal dynamics (see Supporting Information, Figure S3 ) show the corresponding behavior to their parity symmetry. Hence, in our earlier work where we experimentally reported 27 the strong coupling of a single molecule in NPoM (which is rotationally symmetric), the molecule is coupled to the first-order even mode (e 1 ) alone, and the dark modes forming the "pseudomode" 39 do not contribute toward the Rabi dynamics of the strongly coupled system, contrary to earlier reports. 39 Plasmonic nanostructures have been shown to be a versatile environment to realize strong coupling at room temperature. 19, 25, 27 In this work, we demonstrate that plasmonic nanocavities exhibit different types of plasmons depending on the nanostructure's parity symmetry. They can be selectively excited by tailoring the external illumination to exploit the parity symmetry of the nanoplasmonic structure. A homogeneous layer of emitters placed in a plasmonic nanocavity can therefore be driven simultaneously by two types of modes (bright and dark), which leads to complex Rabi dynamics for the hybrid system. We demonstrate that the coupling strength of the QE layer with two such types of modes is identical, regardless of their different nature, field enhancement, and profile. In conclusion, the parity symmetry of plasmonic nanocavities is of great importance in the strong coupling regime, since it determines the spatiotemporal coupling dynamics with the enclosing QE medium and can be potentially used to control and tailor dynamically the Rabi-cycle dynamics of a plasmon−exciton hybrid system.
■ METHODS
Maxwell−Bloch Description of QEs. The two-level QEs are described using the Maxwell−Bloch equations with density matrix elements given by 40 (see Supporting Information, Section 3 for derivation) (4) where Γ = 6.457 × 10 13 Hz, γ = 1/τ 21 = 1/10
) is the relaxation rate of the excited state, μ = 4.11 × 10 −11 e m, uŷ is the dipole moment of the electronic transition (e = elementary electronic charge), E is the local E-field at the position of a QE, and ω 12 = 3.033 × 10 15 (rad/s) ≈ 2 eV is the transition frequency of the two-level QEs. The above equations lead to the population evolution of the two energy states as γ ω
where N 1 and N 2 are the carrier densities at the ground and excited state, respectively. Since the macroscopic polarization response from the twolevel system is given by P = N d μρ 12 , where N d is the total carrier density, the macroscopic polarization due to the excitation of the two-level system is 
Semiclassical Analytical Model. The E of eq 6 represents the local electromagnetic classical fields from the plasmonic structure, which is a superposition of (damped) electromagnetic modes with complex frequency Ω n = ω n − iγ n . Considering the normal modes u n (r), then E n (r, t) = u n (r)En(t) e −iΩ n t .
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Article Inserting this in Maxwell's equations and considering a slowly varying envelope approximation gives , and P k (t) is the polarization of the two-level system coupled to mode k. Combining eq 7 for the two electromagnetic modes with eq 6 for the induced polarizations of the two-level system yields the eigenvalue problem of the coupled system: , Ω QE = ω QE − iΓ QE with ω QE and Γ QE are the transition resonance frequency and total dephasing rate of the two-level system, and Ω 1 and Ω 2 are the complex resonant frequencies of the plasmonic modes given by Ω 1,2 = ω 1,2 − iγ 1,2 . Hence the eigenvalues emerge as 
For a system where there is no cross-coupling between the two modes via the QEs (i.e., A 12 = A 21 = 0), the dispersion of the hybrid states simplifies to from quality factor calculations for the plasmonic nanocavity (Q even,odd = ω even,odd /2γ even,odd ). On the other hand, if A 12 ≠ 0 and A 21 ≠ 0 (which is not the case for the systems described in this article) and the coupling strength to the two modes is the same (i.e., A 11 = A 22 ), with Ω 1 = Ω 2 , then the hybrid states of the strongly coupled system are given by (12) where the bar indicates temporal averaging and the bracket spatial averaging. The terms account for the work exercised by the incident field directly on the plasmonic modes (first term) and on the polarized QE medium (second and third term). For time-harmonic excitation, we thus obtain
